Physics Abstracts

30G
The nematic liquid crystalline phase shows a remarkable long range ordering in the orientation of its constituent molecules. In a simplified, but very useful, picture of this ordering, a unique long axis is assigned to each molecule and a quantitative measure of the orientational ordering is provided by the order parameter [1] This is an average of a function of 0, the angle between a molecular long axis and the locally preferred direction of orientation of these long axes, which is identified with the director or local optic axis of the liquid crystal. This function, the second order Legendre polynomial in cos 0, has the non-polar cylindrical symmetry typical of the nematic phase so that S2 vanishes in the isotropic phase and has a value of somewhat less than one in the nematic phase.
While this description of the ordering in the nematic phase is obviously simplified, it forms the basis of useful and tractable models of the nematic phase and its properties.
This microscopic orientational ordering characterized by S2 is manifest in the anisotropy found in the macroscopic properties of the nematic. For example, ell, El, the electric permittivities of a nematic measured parallel and perpendicular to the director in general will be different, as will its ordinary and extraordinary refractive indices no and nee The anisotropies in such quantities can be related to S2 as defined in (1) by simple mean field models. In the case of the refractive indices [2] The elastic constants kii of the nematic also depend on its degree of orientational ordering; mean field theory now tells us that [3] As these refractive indices, permittivities and elastic constants determine the suitability of a nematic liquid crystal as a component in the twisted nematic and other displays [4] , accurate and reliable measurements of S2 play a central role in the systematic evaluation and development of new liquid crystal materials [5] .
In this paper we [6] , magnetic susceptibility [7] and electric permittivity [8] all yield quantities whose temperature variation is determined effectively by that of S2 and which can be represented (to a very good approximation) through where A is a temperature independent factor which is characteristic of the constituent molecules of the nematic. For example, the ScxPt constructed from its refractive indices is [6] where In this case A can be expressed in terms of components oq, at of the molecule's polarizability, measured along and transverse to its long axis, as
To obtain an absolute value of S2(T) from Sexpt (1) we need to know the value of A. In principle, it is possible to determine this from independent experiments measuring, in [7] . Physically, the Haller function [6] incorporates the factorization (2) [9, 10] where A', B, C, T* are constants. This function differs quite markedly from (7) , and in fact is used itself to fit the behaviour of the order parameter near the clearing point [7] . Similarly we have no a priori reason to expect (7) to represent the behaviour of S2(T) close to absolute zero, although a binomial expansion of (7) (with 0 m 1) does bear a superficial resemblance to low temperature expansions of S2 (7) derived from Maier-Saupe theory [11, 12] (see also the appendix of this paper) and Faber's spin wave theory, of nematic disorder [ 13] . This, however, does no more than reflect the physically reasonable monotonic decrease in S2(1) predicted by these theories.
Furthermore (6) Refractive indices (ne and no) were measured to an accuracy of 0.01 % using an Abbe refractometer and sodium light (A = 589.6 nm), at temperatures stabilized to 0.1 °C. The prisms were coated with lecithin to induce homeotropic alignment in the nematic sample, from which both ne and no could be measured straightforwardly [5] . The The data analysis fitting Sexpt to the functions (6) and (12) was performed using a non-linear least squares fitting procedure incorporating Gentleman's algorithm [23] . The derivatives required in fitting to (6) can be evaluated quite straightforwardly [6] , while those required in fitting to (12) are given in simple analytic form in (13) and (15 (4) and those obtained from the experimental data fitted using the mean field method were found to be in very good agreement. For example the values of A obtained for the materials p-trans4-n pentyl cyclohexyl benzonitrile and p-4-pentyl bicyclo (2, 2, 2) octylbenzonitrile by mean field extrapolation were 0.46 and 0.43 respec- Fig. 2. -The order parameter S2 of (4-cyanophenyl)-trans 4' n-pentyl cyclohexane carboxylate determined from refractive index measurements (0, El) and magnetic susceptibilities (x, +). The data (0, +) were analysed using the Haller method while (0, x) were analysed using the mean field technique. Fig. 3 [24] .
Another method, which is both fast and accurate, is the following. If the identity [25] is multiplied by exp(À,u2) and integrated by parts we find, on making use of the identity [25] the result This provides a generalization of the special case where n = 2, obtained less directly by Faber and Horn [26] . The behaviour of solutions of (A. 1) at low temperatures has been discussed by Luckhurst et al. [11] (who give the term linear in T) and Faber [12] (who gives terms up to T3). Here we merely note that their analysis is in principle extendable to higher orders and that the range of validity of such low temperature expansions can be enhanced quite strikingly by forming a Pade approximant [28] . An [25] . By Fig. 4 ). This remarkable property of Pade approximants is widely exploited in the study of model magnetic systems [28] and is illustrated quite nicely by our result.
